This paper summarises the paper presentation sessions at the Conference, as well giving insights on the issues related to developing countries. It also discusses the present status of practice and research on water and wastewater management, and projected future scenario based not only on the papers presented in the Conference, but also on other sources. The strategy is presented to overcome many problems in developing countries such as rapid urbanization, industrialization, population growth, financial and institutional problems and, depleting water resources. The strategy consists of Integrated Urban Water Management (IUWM), cleaner industrial production, waste minimisation and financial arrangements.
Introduction
The IWA Conference on Water and Wastewater Management for Developing Countries in Kuala Lumpur on 29-31 October, 2001 was organised by the IWA Specialist Group on Water and Waste Management Strategies for Developing Countries. It was specifically dedicated to policy makers, practitioners, researchers, academics, graduate students and consultants who are concerned about the policy, practice and research on water and wastewater management. The aims were to promote the concept of appropriate technologies and to enhance linkages between institutions, practitioners, and research groups on water and wastewater management in developing countries. It provided a platform and an international forum for information exchanging and updating, and for discussing and reviewing issues related to the theories and applications of water and wastewater technology, which were appropriate for developing countries.
The Conference was divided into two main sessions, i.e. (i) science and technology, and (ii) operation and management. The division is important to reflect the interest of the IWA Specialist Group, which focuses not only on technical and research issues, but also on issues related to policy, financial, social and institutional matters. There were 130 papers presented by policy makers, academics, researchers, practitioners and managers, covering a wide spectrum of issues from water resources and catchment management to water distribution and tariffs; from optimisation of conventional water treatment to ozonation; from wastewater septic tanks to membrane bioreactors. Therefore this Conference was a good indicator of the present reality on policies, standards, practices and research programmes in developing countries in relation to water and wastewater management.
The paper-presenting delegates were a good representation of the water and wastewater specialist community. Malaysia as the host country, contributed around 40 per cent of the number of delegates, followed by Thailand, South Africa, Turkey, Czech Republic, China, India, Bangladesh, Indonesia, Libya, Kuwait, Ecuador, Jordan, Iran, Brazil, Zimbabwe and Costa Rica. Since the focal point of research and technological breakthrough is well established in a few developed countries, significant numbers of paper-presenting delegates came coming from Japan, Australia, United Kingdom, Denmark, Germany, Switzerland, United States, France, Austria, and from newly industrialized countries i.e. Korea, Taiwan and Singapore. Though they are working in developed countries, the issues they presented are relevant to the needs of the developing countries.
It is not that important, for this Conference, to define which countries are in the "developing" or the "developed" categories. The approach was flexible and oriented to problem-solving in the sense that the developing countries should improve, and developed countries should contribute to a certain extent, especially from technical and financial perspectives. It is neither scientific nor rational to accept the argument that developing countries should first develop industrially and progress at any social and environmental cost, and having thus developed, attempt to rectify the environmental and social degradation that may have been caused during the development process. The argument is not only unacceptable from an ethical viewpoint, but it is also incorrect from economic considerations. The "get rich quick" syndrome generally produces short-term benefits at long-term costs, which often could far exceed the initial gains (Tolba, 1987) .
Scenario on water and wastewater management in developing countries
It is important to note that the quantity of water that is available to the world today is almost the same as it was 4,500 years ago, when the first outright war over water was recorded between two Mesopotamian city-states -i.e. Lagash and Umma. The freshwater resources, primarily from rivers, which are essential to human civilization, have a constant amount of circulation i.e. around 150 × 10 12 m 3 , which circulates with a period of one week to 10 days, as shown in Table 1 .
The demand for water has steadily increased, and increasingly so in the 20th century, despite the fact that the water quality in many places is degrading due to various anthropogenic factors. The renewable water supply per capita has decreased 58 per cent as the world population increased from 2.5 billion in the year 1950 to 6 billion in the year 2000. The population is projected to reach 10 billion by the end of the 21st century (Magara, 2001) .
It is estimated that by 2015, nearly 3 billion inhabitants, mainly from developing countries, are expected to face water stress to satisfy their food, irrigation, industrial and domestic needs. To a certain extent, the stress will lead to competition for water (better known as "water war") between neighbouring villages, cities, states and countries (Postel and Wolf, 2001) .
In this depleting water resources scenario, developing countries, where more than half of the world population are living, are the most susceptible since the growth rates of industrialization, urbanization and population are increasing at higher than the average global growth rates. The situation would be far worse for countries with a lower level of technological know-how and financial capabilities. The situation will become particularly acute in urban areas as already many cities in developing countries are lacking in both potable water supply and sanitation services. This scenario has multiple backdrops and historical functions. However it is observed that many cities in developing countries are adopting and implementing fragmented approaches to urban water management. This is mainly due to the insufficient and inappropriate facilities for water supply and sanitation.
Through force of circumstance, the top priority is to meet short-term needs. Planning, funds and capacity to adopt a long-term holistic and integrated approach are seemingly not available. A further contributing factor is that in many instances, services are provided through the intervention of external support in terms of funding and technology where the focus was mainly on the present situation using technologies available from the donor countries, without a mandate to involve the practitioners, planners and researchers in broader technological and management issues. The result is that water supply, is perceived as a "stand-alone" issue, far apart from integrated management of water resources, and health and environmental control issues (Odendaal, 2000) .
Between shortage of water resources and environmental degradation

Rapid growth in urbanization and industrialization
The future scenario that water resources will be further depleted by a growing world population will be coupled increasingly with environmental degradation due to poor pollution control, particularly in most of the developing countries. At present numerous efforts have been initiated in many developing countries to overcome environmental degradation. In Malaysia, for instance, beside new regulations and policies, a significant amount of investment has been directed into proper sewerage facilities, centralised hazardous waste treatment and disposal, incineration and sanitary landfill for solid and hazardous wastes, and river rehabilitation. Other countries such as South Africa and Thailand have similar programmes with special emphasis on the implementation of sustainable environmental resources. Waste Minimisation Clubs, initiated by the University of Natal, South Africa are a good example of university-industry collaboration on pollution prevention and cleaner production (Buckley and Barclay, 2001 ). In addition China has implemented new measures based on the Primary Law and Regulation System on prevention and control of water pollution since 1984, with a revision in 1996 (Zhang et al., 2001) . Indonesia is in the initial stage in managing water using a river basin approach (Sunaryo, 2001 and Setiono et al., 2001) .
However the environmental protection programmes such as the establishment of environmental standards and pollution control measures are chronologically implemented following the examples from a few developed countries, such as Japan, the United States and Europe. Generally the measures taken in developing countries were to replicate the experience in developed countries without taking into consideration the development of technological know-how and the progress of environmental awareness among the general public. For example, in Japan chronological development in environmental protection was mainly due to the progress in understanding among the general public of the nature of environmental and health problems, and characterization of various pollutants. Thus the introduction of environmental standards for various kinds of pollutants and pollution control measures were chronologically introduced, roughly once every decade, as shown in Figure 1 . To control organic pollution from domestic wastewater in the 1960s, for instance, technologies such as activated sludge and biofilm systems were developed and properly implemented. The subsequent pollutants such as industrial wastes, nutrients, and hazardous chemicals were taken into consideration later in terms of environmental quality standards and pollution control (Magara, 2001) .
It is generally acceptable to say that appropriate technologies are already available to treat a series of pollutants as illustrated in Figure 1 , in a "package" form without waiting for similar stages for implementation as experienced by Japan and other developed countries, i.e. "technology leap". At present many developing countries are experiencing water pollution phenomena as shown in Figure 2 , where the growth rate of urbanization and industrialization has rapidly increased from the 1980s to the present. The four classes of pollutants (domestic, industrial, nutrients and toxic) are occurring simultaneously and are not being detected sequentially as in Figure 2 . In this case, the environmental pollution control measures should not be limited to the chronological approach. The effluent treatment sequence should not necessarily mirror the historical trend in the developed countries. Many "advanced" technologies are not expensive if measured using a cost-benefit analysis taking into account the cost associated with public health, environmental quality, ecotourism potential and sustainability of water resources. As the advantages of "cleaner production" are becoming more widely known, the linkage between economic development and environmental degradation is being broken. Thus many developing countries are heading towards "high tech" solutions such as developing and applying membrane technology for removal of micro-pollutants such as heavy metals and endocrine-disrupting chemicals, and ultra-pure water production for the electronic industry.
Poor developing countries
On the other hand, we are facing a situation where economic activities are declining, leading to political instability and environmental degradation in many developing countries. In many situations, water resources are limited and the water quality is deteriorating, particularly in the case of Africa and South Asia. Water pollution issues, however, are not the main concern because other issues are more pressing such as national or racial security, food availability and epidemic control. In general, the problems in these developing countries can be summarised as follows. • Lack of environmental awareness among the majority of policy makers and the general public create a situation where water and wastewater management sectors are perceived to be less important than to other sectors such as military empowerment, road improvement, electricity, mass education and health care facilities. • Insufficient expertise, leading to gaps between ideal policies and implementation. • Inappropriate policies on the conservation of water resources such as no legal requirement for prohibition of deforestation activities in water catchment areas. • Insufficient funding for water supply and sanitation programmes because of competing public expenditures due to rapid urbanization and population growth rate. • Insufficient water resources especially in arid and urban areas. • Inappropriate management systems and institutional support for providing water supply and sanitation facilities.
The importance of developing countries Superficially, developing countries have no role to play in the solution of global environmental degradation and depletion of water resources. It is almost generally acceptable that the focus of action and the source of reliable solutions lie with donor countries and agencies, as well as with educational and research institutions in developed countries. Thus for the past 40 years or so, various activities towards solving the water and wastewater management problems of the developing countries have been mainly centred in Europe, the United States and Japan. On the other hand, students and professionals from developing countries have enjoyed their education and training in those countries.
Research and education
Since 1990s many developing countries have strengthened their research and education programmes in universities and research institutions, partly in order to reduce the cost of human resource development (HRD) by reducing the number of students sent to universities in the United States or Europe. In countries like Malaysia, South Africa, Indonesia, Egypt, Brazil and Thailand, the main programme of HRD for environmental engineers and scientists is no longer centred in the developed countries, thus opening up an opportunity to investigate the source of problems in water and wastewater management from within the society. In Malaysia for instance, since 1995 the number of graduates at masters and doctoral levels in water and wastewater management has been greater than 100 per year, from the local public universities. Graduate programmes require students to undertake research. Therefore many new universities in developing countries are heavily involved in theoretical and applied research, and in some cases with substantial funding from donor countries, mainly European. This is a very important development that has caused a paradigm shift in research emphasis and direction in the field of water and wastewater management.
In the past, when most of the research programmes on developing countries were conducted in developed countries, the paradigm was more towards helping out the developing countries from a distance. However, the new paradigm is more on local capacity building in research and technological know-how as shown in Table 2 . Many research programmes now are initiated based on local needs, targeting the most problematic and polluted sectors such as, in the case of Malaysia, palm oil, rubber, textile and electroplating, while in Thailand aquaculture and food-based industries have been targeted, and mining operations in South Africa.
In this new paradigm, it is important for developing countries to set their own water and wastewater management research and education priorities. The priorities in developed countries are definitely not appropriate or to be blindly adopted.
The way forward
To overcome problems faced by developing countries, the water supply and sanitation programmes as proposed by many experts and agencies should be re-visited. Cairncross (1992) reviewed the sanitation and water supply programme in developing countries and suggested many practical lessons for the future. The review was based on the International Drinking Water Supply and Sanitation Decade (1981-90) to provide low-cost waste disposal facilities to poor communities in developing countries. The principle lesson was that progress and continuing success depend most on responding to consumer demand, and not on service supply.
Since customer demand should be the prime driver, awareness and community education became central in providing water supply and sanitation facilities. Governments should plan and strategise the services and facilities but the community also should take part in decisions relating to the degree of complexity of the systems to be implemented (should the payment of services be based on full rate or subsidised?) and the conservation of the water resources from polluted and unsustainable development. In many places handpumps are used extensively for water supply. Thus the community caretakers should be trained to accept, use and maintain the equipment.
However, many studies and practical experiences in developing countries are based on poor communities. Less emphasis is given to rapid growth countries such as Malaysia, Thailand and South Africa. Since these are the countries where water quality is seriously degrading due to industrial discharges and non-point source pollution, special strategies and models need to be developed there. The models tailored for poor countries are definitely not appropriate, neither are those from the developed countries. The Danish Cooperation for Environment and Development (DANCED) has vast experience working in these three countries, targeting a few key factors in environmental conservation and pollution control, and vigorously promoting the concept of cleaner production and sustainable development. At a lower scale, universities such as Universiti Teknologi Malaysia, University of Natal and Asia Institute of Technology have conducted studies to provide models for water quality management. However, more studies are needed to broaden the perspective and applicability. 
Strategy
To overcome the problems in developing countries in water and wastewater management, a few strategies should be carefully considered, as follows.
Integrated Urban Water Management (IUWM)
Integrated Urban Water Management implies an integrated approach in planning and implementing all water-related urban activities and components, including water and wastewater management, solid and hazardous waste, economic and social factors, as well as community and governance. The urban environment constitutes an ideal platform for pioneering integrated water management (Odendaal, 2000) , and developing countries are well placed to pioneer this concept. IUWM in practice has been cascaded down to the catchment level, which is also known as integrated catchment management. Can developing countries adopt IUWM?
Appropriate technology
Appropriate means suitable and reliable. Thus appropriate water and wastewater technologies mean suitable and reliable technologies, in this case, for developing countries. However, what is appropriate in Thailand might not be appropriate in Nepal or Ghana. There are many factors, which define the suitability and reliability such as financial, expertise, institutional, temporal and environmental factors. Twenty years ago, waste stabilisation ponds (WSP) were the main sewage treatment processes in urban areas in Malaysia. However due to financial and technical constraints, especially the cost of land and insufficient nutrient removal, waste stabilisation ponds are no longer appropriate for urban areas in Malaysia. The definition and application of appropriate technology, therefore, depend on timing, the locality and socio-economic factors.
Cleaner production
Industrialization is vital for rapid economic growth. Therefore many developing country governments have policies to encourage and hasten industrialization by inviting multinational corporations to invest in their countries, and setting up manufacturing plants. In this situation it is important to adopt a policy of cleaner production in which only "clean" plants can be allowed to operate. The ideal goal of cleaner production is zero pollution. In practice, not all wastes can be easily prevented, treated, reused or recycled using the stateof-the-art of environmental technology, and there may generally be some waste for final disposal. Thus the objective should be to minimise the volume and toxicity of this waste so that it can be effectively managed in an environmentally safe manner. Special note must be taken of local environmental concerns.
Wastewater minimisation
Industrial activities have traditionally consumed large amounts of resources and energy, e.g. freshwater and raw materials, resulting in significant emissions to the environment. These industrial emissions have led to local and global environmental pollution problems. Therefore, the reduction of wastewater from industrial activities is paramount for the survival of human civilization (Ujang, 2000) . Wastewater minimisation in an industrial setup is a systematic attempt to achieve the following goals: • reduce freshwater consumption • minimize wastewater discharges by reducing wastewater flow rates • reduce costs in terms of wastewater management.
Financial
Many definitions of developing countries are based on financial grounds. Developing countries are basically poor countries, and developed implies rich countries. Thus most of the developing countries are not able to meet the financial requirement for water supply and sanitation programmes. How can they overcome these financial problems? Soft loans are not the answer for many countries. And foreign development aid is not sufficient in terms of quantum and philosophy. Therefore, there is a need to devise a framework for financial support for developing countries for the 21st century.
Directorate for developing countries
It is proposed that a Directorate for Water and Wastewater Management for Developing Countries be established. The Directorate would undertake research, training and the publication of findings. It would assist developing countries to develop policy and assist in technology transfer. The Directorate should be able to assist developing countries to identify the real issues faced in water and wastewater management, particularly in rapidly growing countries such as Malaysia, Turkey, Thailand and South Africa. Problem-solving and the development of appropriate technological know-how would be the main activities of the Directorate.
Financially, the Directorate could be supported by various donor countries and international aid agencies, such as IWA Foundation, World Bank, World Health Organisation, United Nations Environment Programme, DANCED and Japan International Cooperation Agency. To initiate the Directorate it is recommended that Malaysia take the lead by providing the secretariat facilities, with initial emphasis on research, training and publications.
The Directorate should not replicate any of the international agencies, such as Water and Environmental Health at London and Loughborough (WELL) and WEDC at Loughborough University, England, which are mainly focused on aid programmes for water supply and sanitation.
Conclusions
The Kuala Lumpur Conference was organised to address the critical issues of water and wastewater management in developing countries. The developing countries should adopt the sustainable development paradigm in which the development programmes are planned and implemented, taking into consideration the social and environmental dimensions. In the past, many studies and practical experiences in water and wastewater management in developing countries were targeted towards poor communities. Less emphasis was given to rapidly developing countries such as Malaysia, Thailand and South Africa. Since these are the countries where water quality is being seriously degraded by industrial discharges and non-point source pollution, special strategies and models need to be developed. Neither the models developed for poor countries, nor those developed for the developed countries are appropriate. The establishment of a Directorate for Water and Wastewater Management for Developing Countries is proposed to spearhead the activities in research, training and publication as part of the capacity building. It will be designed and conducted by the experts in the developing countries, responding to consumer demand, instead of a service supply model.
